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In the last decade, numerous investigators have
shovm that in almost all vertebrates a diet deficient in
iodine leads to hypothyroidism# This condition is charac¬
terized by hyperplasia, hypertrophy, and colloid depletion
of the thyroid gland. These same effects can be produced by
antithyroid substances present in the diet or synthesized
in the laboratory.
The mechanism of action of many of these goitrogens
has now been elucidated. The sulfonamides and thioureas
inhibit the iodination of tyrosine, one of the early stages
in the biosynthetic pathway of thyroxine. On the other
hand, the thiocyanates, perchlorate and periodate Interfere
in some way with the iodine trapping mechanisms of the
thyroid gland. In addition, these substances cause a dis¬
charge of the iodide already present in the gland at the
time of their administration (19),
It has been well established that a feedback
mechanism exists between the level of circulating thyroid
hormone and the release of thyrotropin by the anterior
pituitary. Thus, a goitrogen treated animal responds to a
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deficiency in circulating thyroid hormone by increasing its
output of thyrotropin from the anterior pituitairy gland.
The augmented output of thyrotropin is responsible for the
hypertrophy and hyperplasia characteristic of the thyroid
gland of the treated animal.
The existence of a feedback mechanism between the
pituitary and thyroid glands during embryonic development
is questionable. It is generally believed, however, that a
feedback mechanism is established in most animals during
the latter stages of embryonic life. In this connection,
Rahn (24) has stated that the thyroid gland of the chick
embryo develops and presumably functions autonomously until
the latter third of the incubation period at which time the
pituitary exerts its tropic action.
It is the purpose of this investigation to:
(a) establish the existence of pituitary control over
thyroid function during embryonic development and (b) deter¬
mine the time of onset of this control (establishmait of a
feedback mechanism). Advantage is taken of the goitrogenic
properties of 6-propylthiouracil, that is, its ability to
induce increased secretion of thyroid stimulating hormone
(TSH) by the pituitary as seen through the hyperplastic and
hypertrophic response of the embryonic thyroid gland.
CHAPTER II
REVIEW OP LITERATHRE
The pituitary gland was first described by Galen in
200 A.D. Since that time the physiological importance of
this gland, especially its interrelationship with other
glands in the body, has been well established. The effects
of hypophysectomy have been used to study the degree of
control which the pituitary exerts on other endocrine glands,
Pugo (6) was the first to describe these effects on the
thyroid gland in the chick embryo. Subsequent investigations
have shown that thyroid development is autonomous up to the
12th day of Incubation at which time its development becomes
directly influenced by a secretion of the pituitary gland,
namely, thyroid stimulating hormone (TSH),
TSH is one of the six tropic hormones of the anterior
pituitary and is believed to be the main factor controlling
thyroid function. Experimental evidence indicates that
embryonic pituitary and thyroid glands of warmi-blooded
animals are capable of synthesizing and releasing their
respective hormones into the circulating fluids near the
end of gestation. The onset of function in these glands is
difficult to determine because of the limited sensitivity of
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the techniques applied In detecting the hormones and the
small amount of material available for study. However,
Hansborough and Kahn (10), using 1^31 uptake as a parameter
of thyroid activity, observed no activity In the embryonic
chick thyroid prior to the 10th day of Incubation,
The concept of thyrold-pltultary feedback as a
homeostatic mechanism Is well known (2), It rests upon the
assumption that there are specific receptor cells >^lch
react to the environmental thyroid hormone concentration In
such a way that thyrotropin secretion la Increased by thyroid
hormone deficiency and lowered by thyroid hormone excess.
Neither the nature nor location of these hypothetical thyroid
hormone receptors has yet been reported. Thyroxine excess
and hypophysestomy both bring about thyroid Inactivity by
abolishing thyrotropin stimulation.
In their experiments on the rat, Taurog, Chalkoff,
and Bennett (29) concluded that thyrotropic hormone of the
pituitary gland Is concerned with at least two phases of
thyroid function: (a) the rate of formation of thyroxine,
and (b) the rate at which the thyroid hormone Is r^eased
Into circulation, Phillips (23) obtained evidence of limited
TSH activity In the early stages of the development of the
pituitary, but she did not determine the time of Initiation
of hypophyseal function.
The presence and Importance of goitrogenic agents In
various types of foods such as beef and liver have been
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known for some time (15)* Chesney, Clawson, and Webster (3)
observed greatly enlarged thyroids in rabbits fed a diet
containing cabbage leaves. The glands were hyperemic,
possessed columnar epithelia and contained little colloid.
This hyperplastic condition was associated with a lowered
heat production (32). The administration of iodine tended
to cause Involution of the gland and to augment the metabolic
rate (30, 31)• These workers were unable to explain this
effect. Marine and co-workers (20), however, attributed it
to the presence of a powerful goitrogenic agent in cabbage,
and in addition demonstrated that other members of the
Brassica group, such as Brussel sprouts and cauliflower were
also effective. Later, it was suggested that some cyanide
compound might be the causative factor. The esqplanation
offered for the goitrogenic action was that certain cyanide
compounds, by depressing general tissue oxidation, create a
greater demand for thyroid principle which, in turn, in¬
creases the gland's need for iodine. To meet these condi¬
tions the thyroid undergoes compensatory enlargement (21).
The existence of goitrogens in soybeans was shown by
McCarrison (15) who observed thyroid enlargement in young
rats fed a soybean diet. Sharpless and others (26) stated
that the minimal iodine requirement for thyroid function in
the rat was Increased 100^ as a result of an unprocessed
soybean flour diet and that the goitrogenic action of cabbage
could be prevented by iodine.
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Iodine deficiency produces goiter in many species of
laboratory animals. Axelrad, Leblond, and Isler (1),
demonstrated that when rats are fed a diet low in iodine, the
animals first develop hyperplastic goiters owing to
excessive stimulation by thyrotropic hormone (TSH); if the
iodine deficiency persists, the thyroids become progressively
larger and go on to develop nodules and different types of
tumors. The histological aspects of diffuse colloid goiter
have been produced in the hamster by maintaining them on
iodine-deficient diets and then administering iodine. The
glands become hyperplastic and lose colloid while the diet
lacks iodine; when iodine la administered, large amounts of
colloid distend the follicles (5),
It was first shown in 19i42 that goiter could be
produced in rats by the administration of sulfaguanidine (18).
Later, it was found that other sulfonamides and thiourea
would act in a similar manner and produce large hyperplastic
goiters in rats, mice, and dogs (17> l8). In addition, the
observation was made that goiters of this type could not be
prevented by giving even massive doses of iodide, leading to
the conclusion that the drugs acted by suppressing the
synthesis of thyroid hormone,
Wyngaarden and co-workers (33) and Halmi and
Stuelke (9) showed that thiocyanate, perchlorate, periodate,
and other oxyacids of the two latter substances produce
goiter by interfering with the "trapping" of iodide ions by
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the thyroid gland and by causing a discharge of concentrated
iodide already in the gland at the time of administration.
These substances were found not to block any of the synthetic
mechanisms in the thyroid, that is, oxidation, iodination of
tyrosine, and coupling, but act in some way to inhibit the
accumulation of iodide within the gland.
Halml and Splrtos (8), and Haloof and Soodak (19)
have proposed a mechanism of action of the goltrogens.
According to these investigators, the thyroids of treated
animals can accumulate iodide in a normal manner, but the
iodination of tyrosine in the gland is blocked. Thyroxine
cannot be synthesized and oxygen consumption falls. The
low levels of circulating thyroxine cause an augmented out¬
put of TSH by the anterior pituitary which causes hyper¬
trophy, hyperplasia, and loss of colloid from the thyroid#
Thus, it can be concluded that the goitrogenic agents act on
the thyroid gland by way of the anterior pituitary. This
action is dependent on the "feed-back” mechanism existing
between the thyroid and the anterior pituitary.
CHAPTER III
MATERIALS AND METHODS
Fertilized eggs used in this investigation were
obtained from To-Lani Pam and Hatchery in Stone Mountain,
Georgia, and Kimberchick Hatcheries in Atlanta, Georgia,
They were incubated under controlled humidity at 37*5° C in
a Thelco incubator. Embryos were divided into three groups;
non-injected controls, distilled water injected controls,
and experlmentals which were injected with 0,1 cc of
6-propylthiouracil (PTH) at a concentration of 1 mg/O.l cc
of distilled water,
A, Preparation and Injection of Animals
Eggs were incubated for 72 hr. They were then
removed from the Incubator, sterilized with 80^ ethyl alcohol,
and a small aperture was drilled into the pointed end of the
egg. Two cubic centimeters of albumen were then withdrawn
from the opening. A small window was cut into the shell with
a Poredom dental drill, sealed with Scotch tape and the eggs
were reincubated until the time of injection or sacrifice.
Injections were made through the window into the yolk sac
with a sterile 1 ml hypodermic syringe.
In the non-injected control group, animals were
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sacrificed on the 12th, lii-th, l6th, l8th or 20th day of
incubation. The thyroids were removed, chilled to 4® C,
weighed on a Precision balance and subsequently used for
protein, DNA, and RNA determinations.
The injected control groups were prepared as
described above. However, these animals received two
injections of 0.1 cc of distilled water prior to the time of
sacrifice.
Experimental animals were prepared as previously
described and injected with a 1% solution of 6-propyl-
thlouracil as described for the control groups.
B. Protein, RM, and DM Determinations
The method used to determine protein concentration
was essentially that described by Gornall and others (?)•
All glands were homogenized in a micro-homogenizing tube in
0.2 ml of distilled water. The homogenate was adjusted to
a volume of 2.0 ml with distilled waterj 8 ml of Biuret
reagent were then added and the mixture was incubated for
30 min at 37® C* The optical density was determined on a
Bausch and Lomb Spectronic 20 after setting the instrument
to zero optical density with the reagent blank. Protein
concentration was read from a standard curve on which
optical densities had been plotted against known concentra¬
tions of a protein standard (Crystalline bovine-albumin
obtained from Nutritional Biochemical Corporation).
As a parameter for protein synthesis, the RNA content
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of the embryonic glands was determined. The thyroids were
removed from selected stages of embryos. The glands were
weighed en masse, and RNA and DNA were Isolated according to
the method described by Schmidt and Thannhauser (25)
modified by LePage and Heidelberger (13)•
RNA content was determined by the orcinol method.
The RNA was dissolved in 3 ml of distilled water. Six
milliliters of orcinol acid reagent and O.if ml of
6% alcoholic orcinol were added. The tubes were heated in
a water bath for 20 min, cooled, and the optical densities
determined on a Klett-Summerson Photoelectric Colorimeter
with a red filter after the instrument had been set to zero
optical density with a reagent blank. The RNA concentration
was read from a standard curve on which optical densities
had been plotted against known concentrations of a RNA
standard (pancreatic RNA from Mann Research Laboratory),
Diphenylamine assay was used for the quantitative
determination of DNA, To the isolated DNA were added 3 ml
of distilled water and 6 ml of the diphenylamine reagent.
After mixing, the tubes were heated in a water bath for 10
min, cooled, and the optical densities determined in a
Klett-Summerson Photoelectric Colorimeter with a red filter
after setting the colorimeter to zero optical density with a
reagent blank. The concentration of DNA was read from a
standard curve on which known concentrations of DNA
(purified calf thymus DNA from Mann Research Laboratory) were
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plotted against optical densities*
For histological study the dissected embryonic
thyroids were fixed in Bouin's fixative, dehydrated with a
graded series of alcohols, cleared with toluene, infiltrated
and embedded in paraffin. In order that the tissue could be
more readily seen and orientated with greater facility, two
drops of eosin Y were added to the last change of 95^
alcohol* Cross sections were made at 8^ on a rotary micro¬
tome, mounted with albumen, and stained with aqueous
Periodic Acid-Schiff as described by Eumason (11)*
CHAPTER IV
EXPERIMENTAL RESULTS
The absolute weight of thyroid glands from animals
treated with 6-propylthiouracil was in most cases signi¬
ficantly higher than that of the non-lnjected or distilled
water injected controls (Table 1), suggesting hypertrophy,
hyperplasia, or both, as a result of the PTTJ treatment.
Although body weights of treated embryos were not recorded,
gross observations revealed that these animals were
generally smaller in size than the non-treated controls at
the same developmental stages.
The protein concentration of thyroids from the non-
injected control group Increased from the 12th to the l6th
day of incubation. However, total protein decreased between
the 16th and 18th day of Incubation followed by an Increase
between the l8th and 20th day. The protein concentration in
thyroids from distilled water treated embryos was signi¬
ficantly higher than that found in non-injected control and
PTU treated embryos (Table 2), and protein concentration
reached a maximum at the 20th day of incubation in all groups
studied. Thyroids from non-injected controls contained a
higher concentration of protein than did thyroids from PTU
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TABLE 1
AVERAGE THYROID WEIGHTS PER GLAND PAIR PROM NON-INJECTED,





Fresh weight of thyroid gland







12 15 .52 .90 1.00
Ik 10 .72 1.60 3.78
16 12 2.80 2.80 ij-.OO
18 9 3.90 2.90 i|..80
20 15 i|..50 Ij-.OO 4.30
TABLE 2
TOTAL PROTEIN PER MILLIGRAM OP FRESH WEIGHT OP THYROID PROM NON-INJECTED,
DISTILLED WATER INJECTED AND PTH TREATED EMBRYOS
Time of incubation No of animals nz of protein per mg of thyroid tissue
(days) per group
Non-injected Distilled water PTH treated
controls injected controls animals
12 12 100 140 60
Ik 10 120 180 80
16 10 184 225 160
18 9 111 182 83
20 12 195 240 185
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treated animals.
Table 3 shows that in the selected stages of
development used for RNA determination, the total RNA of
the embryonic chick thyroid increased following the
injection of PTTJ. However, on the l8th day, the RM content
was the same as that in the control. This was also the ease
on the 20th day of incubation.
There was an increase in the DHA content of thyroids
from embryos treated with propylthiouracil as early as the
li|.th day of incubation. The increase in DNA was not unique
to this stage of development (Table ij.).
Histological observations of thyroids taken from
control and PTTJ treated embryos were made in an attempt to
quantitate the amount of colloid in the lumen of the thyroid
gland. However, significant differences were not detected*
TABLE 3
RIBONUCLEIC ACID CONTENT OP THYROIDS PROM NON-INJECTED,
DISTILLED WATER INJECTED AND PTU TREATED EMBRYOS
Time of incubation No of animals RNA
(days) per group fresh tissue)
Non-injeoted Distilled water PTU treated
controls Injected controls animals
12 10 8.3 7.0
14 7.5 7.4 10.0
16 12 7.5 6.0
18 15 6.0 6.0 6.0




DEOXYRIBONITCLEIC ACID CONTEETT OP TEZROIDS PROM NON-INJECTED,
DISTILLED WATER INJECTED AND PTU TREATED EMBRYOS
Time of Incubation No of animals DNA
(days) per group fresh tissue)
Non-injected Distilled water PTU treated
controls injected controls animals
12 9 3*0 1.0
11^. 1.0 2.0 5.0
16 12 3.0 il-.O
18 15 3.0 4.0 3.0
20 13 3.0 3.0 8.3
CHAPTER V
DISCUSSION
In 1965» Creek (4) described the effect of a
single injection of TSH on thyroid weight, total protein and
ribonucleic acid. He demonstrated that thyroidal protein
decreased within 2 hr following TSH injection; whereas
thyroidal RNA increased significantly within 12 hr. His
data also showed that the RNA formed is either stable or it
turns over rapidly from 12 to 2k hr after TSH administra¬
tion.
Since one of the effects of goitrogenic substances
is to increase the output of TSH by the anterior pituitary,
it was felt that the response of the embryonic thyroid gland
to a goitrogen such as 6-propylthiouracil could be used to
establish the existence of feedback control over the embryonic
thyroid gland by the anterior pituitary. The inhibition of
thyroid hormone biosynthesis would: (a) markedly reduce the
output of thyroid hormone by the thyroid gland, (b) decrease
the level of circulating thyroid hormone, and (c) increase
the output of TSH by the anterior pituitary thereby indirectly
decreasing the concentration of thyroglobulin while increas¬
ing thyroidal weight, total RNA and DNA,
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The Increase in the protein content of embiyonic
thyroids in non-injected controls suggests that normally,
during the course of incubation, there is an increase in the
amount of thyroglobulin being stored up to the l6th day of
incubation. The loss of protein in the thyroids of embryos
that had been incubated for l8 days appeared to be due to
increased proteolysis of thyroglobulin between tide l6tii and
l8th day, presumably under the influence of TSH* Increased
loss of protein (colloid) ceased between the l8th and 20th
day of incubation.
The fact that PTU treatment resulted in a decrease
in the amount of protein in the thyroids of chick embryos as
early as the 12th day of incubation suggests that the gland
is capable of storing hormone. Whether or not the gland is
capable of releasing hormone under the influence of TSH at
that stage of development is questionable, but the results
here indicate that the gland is functional between the I6th
and l8th day of incubation as evidenced by the large decrease
in protein at that time#
One of the most significant findings here is the fact
that environmental conditions markedly affect the activity
of the embryonic thyroid gland* Removal of the embryos from
the incubator (37*5° C) for the purpose of injection
markedly affects the activity of the thyroid gland since the
protein content of distilled water Injected controls is
somewhat higher than that of non-injected controls* The
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lower temperature of the laboratory room either stimulated
the embryonic thyroid gland or inactivated it. The increased
concentration of protein in the thyroids from this group of
embryos at all stages of development studied would certainly
seem to indicate thyroid inactivation (thyroglobulin or
colloid storage).
The small size of embryonic thyroids renders DNA and
RNA analysis extremely difficult. Nevertheless, control
data show that total RNA in the embryonic chick thyroid
remains essentially constant from the 12th to the 20th day
of incubation. The slight decrease in total RNA from the
l6th to the l8th day was not significant.
Since the RNA content of tissue can be used as a
measure of protein biosynthesis, it is obvious that the rate
of protein biosynthesis in the thyroid gland of the chick
embryo is constant during the latter stages of Incubation,
The increase in the glandular RNA of PTTJ treated animals can
therefore be associated with the hypertrophy and hyperplasias
Induced by increased TSH stimulation.
The increased BNA content of thyroids from PTIJ
treated animals is Indicative of hyperplasia. This is also
a result of Increased TSH stimulation. This was first
observed in glands taken from embryos that had been incubated
for ll^ days. The DNA content of the thyroid glands from
these animals was significantly higher than that of non-
injected and water injected controls. The DNA content of
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the thyroids from PTU treated embryos that had been incubated
for l8 days was the same as that of the control but there
was a significant increase in the DNA content of the thyroids
from PTU treated embryos that had been incubated for 20 days.
The DNA content in the thyroids of the control groups
was found to be essentially constant at the ll4.th, l8th, and
20th days of incubation. This confirms the work of Sun (28)
and Martindale (22) who reported that the thyroid gland of
the chick embryo has attained by the l5th day of incubation
the condition that it maintains until hatching* It is
probable then that alterations in the thyroid ^and after
this time are wholly functional.
There was generally a slight increase in the fresh
weight of the thyroids from animals treated with PTU, This
is probably due to an increase in the water content of the
glands, although dry weights of the glands were not
determined, Lawrence (12) incubated thyroid slices with TSH
and found an Increase in water content, Solomon (27) noted
increased water uptake with small doses of TSH within 1 hr,
but which reached a maximum at 3 b.r.
CHAPTER VI
SUMMARY
The thyroid gland of the chick embryo is able to
respond to goitrogenic treatment by increasing the output
of TSH from the anterior pituitary. This response to a
decrease in the level of circulating thyroid hormone suggests
that a feedback mechanism exists between the embryonic
thyroid and pituitary glands* PTU treatment caused (a) a
decrease in total thyroidal protein suggesting increased
thyroglobulin proteolysisj (b) an increase in total RNA
indicating increased production of protein; and (c) an
increased DNA content of the thyroid glands as a result of
hyperplasia. Each of these is known to be a result of TSH
stimulation.
The exact time of onset of pituitary control over
thyroid function remains questionable. These results,
however, unequivocally establish the existence of feedback
control during embryonic development in the chick and
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